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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Introduction 
 
Stone Mastic Asphalt (SMA), sometimes called Stone Mastic Asphalt 
especially in Europe, is a gap-graded hot mix asphalt surfacing material (Pierce, 
2000).  SMA is an asphalt mixture initially developed in the 1980s in Europe as an 
impervious wearing surface to provide rut resistant and durable pavement surface 
layer.  When SMA is first introduced in Europe, it is used in resisting the studded 
tires effects rather than other type of hot mix asphalt (Roberts, Kandhal and Brown, 
1996). 
 
SMA is designed to resist deformation particularly rutting and maximize 
durability by using as structural basis of stone-on-stone contact.  SMA is 
characterized by its high stone content and the voids of the structural matrix are filled 
with high viscosity bituminous matrix.  The high stone content of at least 70% 
ensures stone-on-stone contact after compaction.  The required degree of matrix 
stiffness is achieved through the addition of crushed sand (Roberts, Kandhal and 
Brown, 1996). 
 
Because the aggregates are all in contact, rut resistance depends on aggregate 
properties rather than asphalt binder properties.  Since aggregates do not deform as 
much as asphalt binder under load, this stone-on-stone contact significantly reduces 
rutting.  The SMA pavement offers other side benefits due to its high content of 
 2
coarse aggregate.  SMA pavement surfaces are porous, thus reducing the 
tire/pavement noise level as well as water spray and glare (NAPA, 1999).   
 
However, SMA is generally more expensive than a typical dense-graded 
HMA (about 20 - 25 percent) because it necessitates more durable aggregates, higher 
asphalt content and typically, a modified asphalt binder and fibers (NAPA, 1999).  
Durability was to be defined primarily through rutting and cracking measurements, 
but was also to include other types of pavement deterioration (Schimiedlin and 
Bischoff, 2002).  In the right situations, it should be cost-effective because of its 
performing better than the standard asphaltic concrete pavements in some important 
areas, i.e., crack and distress generation thus increase rut resistance and improve 
durability. 
 
The mixture also entails higher mixing temperatures to provide greater 
workability and longer mixing times at the plant due to the presence of modified 
binder or mineral fiber ensuring proper distribution of the mineral fiber or adequate 
coating of aggregates, and more intensive quality control at plant and on job site 
(Watson and Jared, 1995).  Based on its performance in term of durability and long 
life service, the use of SMA is currently keep increasing in popularity among the 
road authorities and the asphalt industry. 
 
 
 
1.2 Problem Statement 
 
SMA mixtures are designed to have high coarse aggregate content and stone-
to-stone contact which results in more stress on the coarse aggregate particles during 
compaction and heavy traffic loads.  As a result, the aggregates tend to degrade in 
SMA mixtures than in conventional dense graded mixtures.  Aggregate degradation 
during compaction and heavy traffic loading may cause changes in the original 
aggregate gradation, and thus may also affect the volumetric properties of SMA 
mixtures. 
Most work to date on SMA has been with Marshall Compactor but some 
works needs to be done with a Gyratory Machine since the new SHRP gyratory will 
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eventually be used on SMA mixes.  With the introduction of the Superpave system, it 
is now significant for the mix designer who endeavoring to design stiffer, more rut-
resistant asphalt concrete pavements having the alternative of using the Superpave 
Gyratory Compactor (SGC) for SMA mixtures. 
 
The application of SMA is still new in Malaysia therefore the contractors had 
little experience with this mixture at the time of construction.  Since this study has 
been done previously, but there has been little research conducted to relate with 
Malaysia’s condition.  Thus there is a need to study and determine the aggregate 
degradation of SMA particularly experienced in Malaysia. 
 
 
 
1.3 Objectives of the Study 
 
The objectives of this study were: 
a) to determine the degree of aggregate degradation in SMA mixtures during 
the compaction process produced by 100 gyrations of the SGC and 50-
blow Marshall Hammer; 
b) to determine the effect of the gradation changes on volumetric properties 
of compacted SMA mixtures; and 
c) to compare the aggregate degradation of compacted samples experienced 
at field and laboratory. 
 
 
 
1.4 Scope of the Study 
 
The scope of the study focused on the effects of compaction methods and 
aggregate gradation affecting the aggregate degradation in SMA.  The mixtures with 
the nominal maximum aggregate size (NMAS) of 12.5mm (designated as SMA14) 
and 19mm (designated as SMA20) were studied.  In designing mixtures, total of 36 
specimens were prepared using Marshall Compaction Method with three specimens 
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for each of bitumen content of 5.0%, 5.5%, 6.0%, 6.5%, and 7.0% by Marshall 
Hammer at compaction efforts of 50 blows per face. 
 
The work done by NCAT (Brown and Mallick, 1994 and Brown et al., 1997) 
indicated that 50 blows of the Marshall Hammer generated a density in SMA 
mixtures approximately equal to 100 gyrations of the SGC.  With the 100 gyrations 
effort, total of 16 specimens were prepared using Superpave Compaction Method, 
with two specimens gyrating by SGC at three bitumen contents of 6.0%, 6.5% and 
7.0%.  As a conclusion, the total of 64 specimens was prepared including the 12 
specimens were designed for binder draindown test purpose. 
 
The aggregate degradation afterward was determined by comparing the 
changes in gradation of extracted aggregate with the original aggregate gradation.  
To achieve the objectives, the scope started with literature search and review on the 
information related to the aggregate degradation in Chapter 2 and extensive 
laboratory testing according to specified procedure was explained detail in Chapter 3 
respectively.  
 
 
 
1.5 Importance of the Study 
 
 This study was carried out to quantify and compare the amount of aggregate 
degradation for SMA mixtures produced by 100 gyrations of the SGC and 50-blow 
Marshall Hammer.  This study can be a reference to evaluate other studies according 
to the two compactive effort performances in the pavement design.  Contractors from 
developing country such as Malaysia may have problem using SMA mix because of 
lack of experience since this mix is considered as new mix for road pavement 
compared to standard asphaltic concrete.  This type of information would provide 
valuable information to agencies who desire to construct SMA pavements. 
  
